THE patient was a man, aged 28 in 1917, when the first symptoms appeared, consisting of cerebral disturbances associated with slight pareses such as difficulty in walking.
No deviation by BArAny test. Horizontal nystagmus on looking to the left, but only beginning when the eyes were turned 60 degrees or more to left of central line of vision. On looking to right there was a nystagmus to the right which began when the eyes were deviated more than 5 degrees from the central line of vision.
Caloric stimulation to left ear had no influence at all on spontaneous nystagmus, and produced no nystagmus on looking straight forward, but on looking to the right there was spontaneous nystagmus. There was no deviation during caloric stimulation to the left ear.
Caloric stimulation to the right ear produced typical nystagmus on looking straight forward, and also increase of spontaneous nystagmus on looking to the left.
There was typical deviation of both arms (past pointing).
Clinical summary.-There was no response either to the tests for hearing or to the vestibular functions in the left ear. There was a considerable degree of nerve-deafesss in the right ear. The vestibular responses were to a certain extent active in the right ear.
X-ray examination of both petrosal bones by Stenver's method, showed that there was erosion of bone in the regions of both internal auditory meatus.
Numerous tumours were present in the skin of the back and of the right arm. Second otological examination (February 27, 1920) .-Erosion of the petrosal bones was now much more striking. In the right ear the patient could hear conversational voice at a distance of only one inch from the ear. There was no response to the vestibular tests in either ear.
Third otological examination (July 12, 1923 ).-The patient was quite deaf in both ears, and there was no response to the vestibular tests in either ear. There were no compensatory eve positions on either side, and the patient was almost completely blind.
The patient died in April, 1929, aged 40 . Post-mortem examination revealed typical Recklinghausen's disease of the brain. There were tumours in the retina and other regions of the bodv, but the description of this aspect of the case will be published by Dr There is no sign of the growth in the middle ear, and this cavity is normal in appearance.
Microscopic examination.-The temporal bone was decalcified and sections were made in the usual way. The staining was done by haematoxylin and eosin. The sections were cut approximately in the horizontal plane, and from above downwards. Sections of the upper portion of the bone show great destruction of the internal portion of the petrous bone ( fig. 2) . The stapes is free and not affected by the growth. The bony wall of the cochlea is not eroded by the tumour, but the cavity of the cochlea itself is invaded, the tumour tissue having advanced through the modiolus (fig. 4) .
The portion of the petrous bone which lies internal to the cochlea has been almost entirely destroyed and replaced by the growth, which at one point lies contiguous with the carotid canal.
In the cochlea ( fig. 5) (x 20.) in the upper region of the basal whorl, and another and larger deposit of tumour tissue is seen in the upper parts of the middle whorl and in the apical whorl; indeed, in this region the bony tissue of the modiolus has almostly completely disappeared. A small deposit of tumour tissue is found in the scala tympani of the middle whorl, but otherwise the cochlear passages are free of the growth. The membrane of Reissner is in its normal position throughout the whole of its course.
Examination of the cochlea under rather higher magnification shows interesting changes in the stria vascularis. This structure has undergone a process of vacuolization throughout its whole course, and the cylindrical or barrel-shaped cells which normally line its surface have entirely disappeared (figs. 6, 7 and 8).
In the apical whorl ( fig. 8 ) the superficial portion of the stria vascularis appears to have been loosened from the underlying portion by the accumulation of fluid underneath, and to be floating outwards into the ductus cochlearis. It is interesting to observe that a similar condition has been found in the cochlea of deaf-mutes by the present writer as well as by other investigators. And it is still more interesting to note that in these deaf-mutes this change is also found most pronounced in the apical whorl.
The organ of Corti in the apical and middle whorls and in the upper part of the basal whorls does not show any appearance which can be described as pathological (figs. 5, 7 and There is a considerable degree of disintegration among the hair cells, but this is in all probability a post-mortem change since similar changes are found in the same structures in the human subject in individuals whose hearing has been normal during life.
The rods of Corti are present in the whorls mentioned above. In the lowest part of the basal whorl, on the other hand, a striking change is seen; for it is found that the organ of Corti has disappeared altogether (figs. 6 and 9). In this region the on cubical cells lining the outer portion of the upper surface of the basilar membrane are present, but at the point at which they normally give place to the cells of Hensen, the latter are not to be found; and the same is true of the outer rows of hair cells, the cells of Deiters, the rods of Corti and the inner row of hair cells. In this region, therefore, the basilar membrane, uncovered by the organ of Corti, lies bare to the Except by its pedicle, just described, it is not adherent to any of the surrounding structures ( fig. 11) .
The posterior surface of the petrous portion of the temporal bone is to a large extent destroyed by the tumour the external limit of which is in close proximity to the posterior crus of the superior semicircular canal ( fig. 12) .
Internally the tumour extends to the inner extremity of the petrous portion of the temporal bone and even into the adjacent portion of the occipital bone. Anteriorly it extends up to the basal whorl of the cochlea (figs. 12 and 13) and to the carotid artery against the wall of which it lies ( fig. 13 ). The growth has extended into the vestibule which it completely fills and also projects for a short distance into the semicircular canals. The bony walls of the internal auditory meatus are completely destroyed.
The middle and basal whorls of the cochlea are filled by the tumour and there is a further extension of the growth through the round window into the middle ear, where it forms the spherical tumour described above ( fig. 11) (fig. 14) .
In the cochlea, as mentioned above, the whole of the basal and most of the middle whorls are occupied by tumour tissue which has entirely destroyed the organ of Corti and all the nerve structures ( figs. 12 and 15) . A small portion of the bony tissue of the modiolus, however, remains in the middle whorl ( fig. 15 ). In the upper part of the middle whorl and in the apical whorl there is no deposit of tumour tissue. In this latter region there is found a deposit of new-formed bone ( fig. 15) appear to have any direct connection with the bony capsule of the labyrinth, or to be an extension inwards from that structure. There is a sharp line of demarcation between the bony capsule of the cocblea and the new-formed bone in the cochlear canal; and this line of demarcation indicates the position of the endosteum of the capsule of the labyrinth (figs. 15 & 16) . Furthermore, the texture of the new-formed bone differs from that of the bony capsule in that it contains a considerable number of spaces which are filled by bone-marrow ( fig. 16 ). The new-formed bone stains more deeply than the adjacent normal bone of the labyrinthine capsule. Indeed it is remarkably similar to that which is found in otosclerosis. In the latter disease, however, the bone is very rarely, if ever, found present in the cavities of the cochlea.
As regards the histological character of the tumour, it appears to consist solely of It appears to the writer that the most probable explanation of the occurrence of the new-formed bone both in this case and in cases of otosclerosis, is that it is one of the trophic results of disturbance of the nerve supply of the labyrinth as a whole.
For it must be remembered that this organ, in common with every other tissue of the body, is under the control of the nervous system so far as nutrition is concerned.
We do not know from actual demonstration that the nerve fibres which control the nutrition of the various tissues of which the laby7rinth is composed are to be found in the auditory nerve, but it is highly probable that such is the case, and the destruction or degeneration of these fibres may well be the cause of an erratic growth of the tissues which in normal circumstances would not occur.1
In this case there is yet another feature which does not seem to have been previously recorded. That is the pathological change which has taken place in the stria vascularis in the right ear. This change has been described above, and reference has been made to the very similar change which is sometimes found in the cochlea of deaf-mutes.
Having described the features which distinguish this case from those hitherto recorded, it remains to refer shortly to that aspect in which it bears a resemblance to other cases of acusticus tumour.
The bilateral symmetry of the case is interesting, and might be expected to be unusual. As a matter of actual fact, however, when neurofibromatosis (von Recklinghausen's disease) affects the auditory nerve, it is by no means unusual to find a tuihour on each side. Of course, when a tumour of the auditory nerve occurs independently of neuro-fibromatosis it is almost invariably unilateral. The effect of the tumour upon the spiral ganglion of the cochlea is very interesting. Wittmaack2 demonstrated the results of section of the auditory nerve in cats; knd showed that, while the vestibular ganglion behaved in the same way as a posterior root ganglion and remained unaffected, the spiral ganglion of the cochlea underwent complete and permanent degeneration. In this respect, therefore, the ]285 spiral ganglion is an exception to Waller's law. The present case confirms Wittmaack's experimental demonstration. The nerve-cells in the ganglion spirals have completely disappeared, as may be seen in fig. 10 . It should be added that several other observers have recorded the same phenomenon in these cases (Steurer, Zange, and Lange).
In cases of acusticus tumour, the organ of Corti may be affected or may remain normal in appearance. Panse, Alexander, and other investigators have recorded cases exemplifying both types. The case described in this paper is peculiar in that it shows complete disappearance of the organ of Corti in the basal whorl, whereas that structure appears normal in the middle and apical whorls. Or, at least, if any changes have occurred in these regions they are masked by the post-mortem disintegration which is always found in the human subject when the temporal bone cannot be put into the fiXing fluid until some considerable time after death. On the other hand, this disappearance of the organ of Corti in the basal whorl is undoubtedly a pathological change which could not be mistaken for post-mortem maceration. Another interesting feature is the curious deposit of bone in the upper whorl of the cochlea. It looks very much like the new-formed bone of otosclerosis.
The PRESIDENT said that, with regard to the bilateral tumours in Recklinghausen's disease, in Henschen's statistics he recorded 245 unilateral tumours, 24 bilateral; Harvey Cushing, however, had remarked that bilateral tumours were more likely to be recorded than unilateral ones, and the proportion that authority gave was about 1 in 100.
He asked whether there was any difference in the involvement of the temporal bone in the bilateral as opposed to the unilateral cases, because in an advanced case it would be impossible to remove the tumour surgically, unless the whole petrous bone was included in the operation. In some cases Cushing apparently carried out an intracapsular enucleation, making no attempt to remove the whole of the tumour. A second operation might be necessary.
Sir CHARLES BALLANCE said that the first case of auditory nerve tumour that he had seen was in 1887, under the care of Dr. Seymour Sharkey, in the wards of St. Thomas's Hospital, where he, the speaker, had then been for two years aural surgeon.
The patient was a man aged 42, whom he, Sir Charles,-was asked to see on account of headache and optic neuritis. The optic neuritis was bilateral, and the patient had been suffering for over a year from tinnitus and slight deafness. He also had attacks of giddiness, and some loss of hearing on the left side. He, Sir Charles, had diagnosed the case as one of tumour of the auditory nerve, but his diagnosis had been ridiculed. The headache and optic neuritis increased and there was partial loss of vision. The patient also had vomiting and other symptoms and died about six months after admission to hospital. An autopsy was performed and the brain was removed. The late Professor Shattock made a beautiful drawing of the tumour, published in the Transactions of the Pathological Society. Since that time he, Sir Charles, had seen a considerable number of such cases, in all of which the tumour had been one-sided. The President's remark that tumours occurred on both sides in only 1 in 100 cases was probably correct; but there was no reason why they should not occur on both sides in Recklinghausen's disease.
A unilateral tumour in an early stage could be easily and successfully removed by free exposure and by the use of the Bovey-Cushing instrument which cut the tissues without burning them, coagulated them and prevented heemorrhage.
Mr. SYDNEY SCOTT reminded Dr. Gray of a section of the labyrinth which he, the speaker, had shown at a previous meeting which bore out Dr. Gray's findings, an auditory nerve tumour having invaded the labyrinth.
Mr. SOMERVILLE HASTINGS said that the organ of Corti was destroyed in the lower coils of the cochlea rather than the upper coils, and asked whether that was usual in cases of pressure on, or destruction of, the auditory nerve. Had Wittmaack recorded this as the result of his experiments ?
Dr. GRAY (in, reply) said that in consequence of the erosion of the temporal bone it would have been impossible to get the tumour away completely. It was not Wittmaack who discovered the degeneration of the organ of Corti in acusticus tumour cases, but Panse.
In some cases the organ of Corti underwent complete degeneration throughout the cochlea, and in others it remained undamaged. But, as Mr. Somerville Hastings pointed out, the curious feature about this case was that the organ of Corti disappeared in the lowest wall, not the upper. If the patient had lived longer the upper part also might have disappeared.
Pathological Changes in the Auditory Nerve in Otosclerosis and their Significance Clinically, especially with regard to Paracusis Willisii. ALBERT A. GRAY, M.D. In the writer's work on "Otosclerosis " published 15 years ago' the pathological changes which were found in the four cases of the disease are described. Towards the end of the description of each case there is a statement to the effect that, although no pathological changes were demonstratable in the cochlear nerve, it must not be concluded that such changes did not exist. They might quite probably be present, but if so, the methods of microtomy and microscopy then available were not sufficiently delicate to show them.
In the intervening 15 years, improvements in the technique of examining the organ of hearing have been made by the present writer and others. By means of these improvements it is now possible to detect pathological changes which were not visible before, and by their application the writer has now been able to demonstrate pathological changes in the cochlear nerve in cases of otosclerosis.
In the following pages these changes will be described, and their significance in respect of our views on paracusis willisii in particular and otosclerosis in general, will be considered.
Over a long period of time the writer has had the opportunity of obtaining the auditory nerves from several subjects who had suffered from otosclerosis during their life. In some cases the temporal bones were also obtained. These have been prepared and mounted as microscopical sections, and in this paper some of the results of the examination of these will be given, chiefly with regard to the condition of the cochlear nerve.
